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Two hundred and thirty-eight preschooi chil-
dren were divided into four groups according 
to the method of referral. Chi-square analysis 
following a clinical examination in the pre-
school showed highly significant differences 
between the groups, particularly in propriocep-
tive, vestibular and related functioning. 
Achievement and classroom behaviour in 
Grade 1, examined in a structured teacher 
interview, showed highly significant differ-
ences between the groups in general perform-
ance, english, mathematics, general knowl-
edge and behavioural characteristics. Formal 
educational assessment in Grade 2 indicated 
a similar pattern, except that children referred 
by guidance and medical officers (group 4) 
deteriorated, and randomly sampled children 
with vestibular and proprioceptive dysfunction 
on the preschool examination (group 2) 
improved. 
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While it is recognised that cognitive 
and perceptual abilities are important 
in education, it is less obvious that 
systems which remain largely below 
the level of consciousness, such as the 
vestibular and proprioceptive systems, 
may also be involved in educational 
competence. 
Although broad perceptuo-motor 
and sensory-motor approaches to 
learning problems remain contover-
sial, learning disabled children are 
frequently reported to differ from 
their non-disabled peers in balance 
and co-ordination tasks (for example, 
Bruininks and Bruininks 1977, Pyfer 
and Carlson 1972). The neuromuscular 
bases of balance and co-ordination 
include the proprioceptive, vestibular 
and associated systems. 
These systems have also been indi-
vidually implicated in learning disa-
bilities. For example, de Quiros (1978) 
reported that mild vestibular impair-
ment may cause deficits in fine motor 
activities resulting in dysgraphia, dis-
orders of extaocular and neck muscle 
contraction resulting in reading disa-
bility, as well as distractibility and 
restlessness. He has also linked pos-
tural and balance disturbances, clum-
siness, a delay in the appearance and 
development of speech (de Quiros, 
1978), hypotonia, restlessness, distrac-
tibility, and secondary emotional dis-
turbance, with vestibular dysfunction 
(de Quiros and Schrager 1978). Ayres 
(1976) found that a hyporeactive nys-
tagmus was strongly related to intel-
ligence, auditory-language process, 
and muscle tone. Children with pro-
longed duration nystagmus (suggesting 
a hyperreactive system), although few-
er in number in the learning disabled 
population, appeared to have greater 
and more extensive neurological 
involvement (Ayres 1976). 
Retrospective studies we had under-
taken produced similar results. In a 
multidisciplinary investigation of chil-
dren with minimal neurological 
impairment, but of normal intelli-
gence, 57 per cent were referred by 
educational officers. The major pre-
senting symptoms were perceptual def-
icits (59 per cent), inco-ordination (57 
per cent), poor concentration (37 per 
cent) and hyperactivity (26 per cent), 
We found that a high proportion of 
these children showed deficits in sen-
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sory motor functioning, including ves-
tibular head righting (97 per cent), 
spatial functioning (89 per cent), 
optical head righting (83 per cent), 
functional vision (80 per cent) and 
proprioception (79 per cent) (Stein 
berg and Rendle-Short, 1979), 
Thus a group of children with nor-
mal intelligence, more than half of 
whom were initially identified because 
of educational problems, showed a 
very high incidence of dysfunction in 
vestibular, propnoceptive and associ-
ated systems. Was the converse also 
true, namely that dysfunction in these 
systems led to educational incompet-
ence? To test this hypothesis, we 
designed a prospective longitudinal 
study. Two hundred and thirty-eight 
preschool children, grouped according 
to method of referral, and with dif-
fering vestibular, proprioceptive and 
related functioning, were followed into 
early primary school (up to Grade 3) 
to see whether there was any variation 
in their educational achievement*. 
The preschool, Grade 1 and Grade 
2 results are reported. 
* These studies were supported by the 
Education Research and Development 
Committee, Canberra. 
Subjects 
Five preschools in the Brisbane met-
ropolitan area were chosen to repre-
sent high, middle and low socio-eco-
nomic areas. Children with recognised 
disabilities such as congenital heart 
disease and Down's Syndrome were 
excluded from the survey. 
Ten percent of the preschool pop-
ulation was sampled by the preschool 
teacher as follows: 
1. Children were first listed for inclu-
sion who fulfilled the criteria 
described below. (These children 
formed group 3). The researchers 
were not told the number, or iden-
tity, of these children. 
2. The teacher then completed the 
required 10 per cent by random 
sampling. 
The criteria for inclusion in groups 3 
(and 4) were: 
« Attending normal preschool 
• Within the normal range of intelli-
gence 
• Showing one or more of the follow-
ing major signs or symptoms to a 
marked degree: 
— gross or fine motor co-ordina-
tion defects 
— abnormal activity level (includ-
ing hyperactivity or hypoactivi-
ty) 
— perceptual and /or cognitive def-
icits 
— abnormal behavioural character-
istics, eg lack of attention, emo-
tional lability, temper tantrums 
and impulsiveness. 
Assessment 
The Preschool Assessment. A simple 
sampling of behaviour which could be 
undertaken in the preschool office was 
used. The selected items had appeared 
to be significant, both clinically and 
in earlier studies (Steinberg 1978; 
Steinberg and Rendle-Short 1979; Bul-
lock and Walter 1978). The items were 
ordered so as to minimise changes in 
position for both child and examiner 
and so that less intrusive items 
occurred at the beginning and the end 
of the examination. The assessment 
was administered individually and 
took 15 minutes. 
The senory-motor items included: 
— static holding (examined in knee 
standing with arms extended) with 
and without vision 
— optokinetic nystagmus 
— fixation, convergence and eye fol-
low in all directions 
— position copying — visual cues (2D 
and 3D patterns) 
— organising body on verbal infor-
mation 
— finger localisation and fmger posi-
tion sense 
— tone 
— standing from supine lying 
— protective extension of arms and 
legs 
— optical headrighting reactions in 
vertical and horizontal suspension 
— vestibular headrighting reactions in 
vertical and horizontal suspension 
— post-rotatory nystagmus 
— preferred eye, hand and foot 
Other areas examined in the pre-
school included: 
— behaviour at the end of the assess-
ment 
— general health at assessment (par-
ticularly colds) 
— Enticknap Picture Vocabulary 
(E.P.V.) 
— Beery Test of Visual-motor Inter-
gration 
— social-emotional development 
— caring quality of mother 
— socio-economic status using fath-
er's occupation and Broom et al 
(1965) classification 
— the perinatal history obtained from 
records and teacher interviews. 
On completion of the preschool 
assessment, the random sample was 
divided into children with and without 
dysfunction in the vestibular, propri-
oceptive and related systems. 
The Grade 1 Assessment. A struc-
tured teacher interview was under-
taken at the end of Grade 1. Teachers 
were asked to rate each child on 3 
point scales in the following areas: 
• English, including word building; 
reading aloud; reading comprehen-
sion; oral discussion; and writing. 
• Mathematics, including number 
facts; place value; counting; and 
grouping. 
9 General knowledge 
9 Behavioural characteristics, includ-
ing distractibility; frustration toler-
ance; variability in behaviour and 
in performance; clumsiness and so 
on. 
• Attitude both to peers and to teach-
ers, including aggressiveness; timid-
ity; excitability and so on. 
• Learning problems, including pres-
ence or absence and description. 
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• Educational history. 
The Grade 2 Assessment. The 
assessments in Grades 2 and 3 included 
formal achievement tests. The Grade 
2 assessment comprised the following: 
• Structured teacher interview as in 
Grade 1 
• St Lucia Test of Reading Compre-
hension (form A) 
• Group Mathematics Test 
• Handwriting analysis 
The Grade 3 Assessment. The edu-
Tapie 1: 
Age and sex of preschool children 
cational follow-up in Grade 3 includ-
ed: 
• Structured teacher interview as in 
Grade 1 
• St Lucia Test of Reading Compre-
hension (form B) 
• Beery Test of Visual-motor Integra-
tion 
• Bruminks-Oseretsky Test of Motor 
Proficiency 
• Group Mathematics Test 
• Handwriting analysis 
Group 
Random 
Sample 
1 
2 
3 
4 
No. 
189 
153 
36 
27 
22 
% Mate 
49 
44 
72 
63 
82 
Sex 
% Female 
51 
56 
28 
37 
18 
Age 
x~ (months) 
63 
63 
65 
67 
68 
The Preschool Groups: 
Following the preschool assessment 
3 groups were formed, and a fourth 
group was available. 
Group 1. Randomly sampled children 
who showed no proprioceptive, vesti-
bular and associated dysfunction on 
our examination comprised group 1. 
Group 2. Randomly sampled children 
who showed proprioceptive, vestibular 
and associated dysfunction formed 
group 2. 
Group 3. Children fulfilling the neu-
ropsychological criteria whose referral 
had been actively sought from the 
preschool teachers comprised group 3. 
It is stressed that the teachers had not 
previously sought help for this group 
Group 4. Preschool children referred 
to the Department of Child Health b> 
guidance or medical officers, using the 
neuropsychological criteria outlined 
previously, formed group 4. 
The four preschool groups were re 
assessed educationally in Grades 1, * 
Table 2: 
Percentage optimal responses for the general characteristics examined in the preschool 
Group 
Random 
Sample 
1 
2 
3 
4 
Y2 
a A 2 
p 
b x> 
p 
r X? c 
p 
Peri-natal 
history 
85 
86 
75 
33 
24 
56.9 
<.001 
54.3 
<.001 
0.8 
NS 
Sociaf 
emotional 
development 
70 
77 
40 
15 
5 
69.1 
<.001 
71.2 
<.001 
17.2 
<.001 
Quality of 
mothering 
64 
67 
51 
23 
50 
15.6 
<.001 
18,6 
<.001 
2.2 
NS 
Behaviour at 
end of test 
74 
80 
49 
44 
33 
20.6 
<.001 
33.3 
<.001 
13.0 
<.001 
Health 
at test 
80 
S2 
75 
63 
96 
7.4 
COS 
8.2 
<.05 
0.5 
NS 
Note: a = analysis between the random sample, and groups 3 and 4, df = 2 
b = analysis between groups 1, 2, 3 and 4, df = 3 
c = analysis within the random sample, between groups 1 and 2, df - 1 
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and 3. The preschool, Grade 1 and 
Grade 2 results are reported. 
Results 
Preschool: 
Sex and Age. The number of chil-
dren in each group, as well as the age 
and sex differences between the groups 
are shown in Table 1. 
Significantly more boys than girls 
were in the groups with vestibular, 
proprioceptive and associated dys-
function (Groups 2, 3 and 4: X22 = 8,9, 
p < .02). These children tended to be 
slightly older than the random sample, 
so that immaturity because of younger 
age was not a factor. No significant 
socio-economic differences occured 
between the groups. 
General Characteristics. The groups 
differed significantly in the general 
characteristics examined (see Table 2), 
The referred groups (3 and 4) had 
poorer ratings in the most desirable 
categories in perinatal history, social-
emotional development and quality of 
mothering. All of the groups with 
vestibular and proprioceptive (V-P) 
dysfunction (Groups 2, 3 and 4) 
showed behavioural problems at the 
end of the test. The differences within 
the random sample, between children 
with (group 2} and without (group 1) 
V-P dysfunction, were significant for 
social-emotional development and 
behaviour. 
Sensory-motor. Significant differ-
ences (p < .01) occurred between the 
random sample and referred children, 
and between all 4 groups in the 57 
sensory-motor items examined, except 
for strabismus, position copying in 2 
dimensions, response to spinning anti-
clockwise, and prefered eye, hand and 
foot. 
The results for the major areas of 
vestibular, proprioceptive and associ-
ated functioning are reported in Table 
3 as distribution in the optimal cate-
gory, following rigid classification on 
4-pomt scales. Highly significant dif-
ferences (p < .001) were found between 
all groups. 
Children from the random sample 
showed a high proportion of desirable 
responses. Children referred by guid-
ance and medical officers (group 4) 
had the most severe deficits. The 
children referred by preschool teachers 
(group 3) showed marked problems in 
all areas. 
Cognitive functioning. The pre-
school assessment had been designed 
to emphasise automatic postural 
responses, and to minimise cognitive 
requfrements. Yet cognitive abilities 
are obviously paramount in educa-
tional achievement. In our study, ran-
dom sampling was used so that match-
ing on cognitive variables was not 
possible. 
Children in the random sample who 
did not have V-P dysfunction (group 
1), had higher picture vocabulary ages 
than children in groups 2 and 3, but 
there was no significant difference 
between groups 2 and 3. Children 
referred by guidance and medical 
officers (group 4), while within normal 
limits on the Binet L-M, were slightly 
Table 3: 
X| 24.6 52 09 ' 
C p C001 <.001 < 
) down on the McCarthy Scales of 
) Children's Abilities (M.S.C.A.), (x = 
 93.3, range 71-116), particularly in the 
motor scale (x = 39 compared, for 
example, with x = 48 for the verbal 
: scale). 
m Grade 1: 
Two hundred and fifteen of the 238 
r - preschool children were followed in 
Led Grade 1. Attrition only reached sig-
 nificant levels for group 4, This was 
 corrected in Grade 2 when no signif-
 icant differences occurred in availa* 
 bility for follow-up between the 
 groups. The sex and age distribution 
:  in Grade 1 followed the preschool 
l  pattern. 
The Grade 1 follow-up showed high-
n ly significant differences in education-
al achievement and classroom behav-
iour between the groups. 
) Teacher Ratings of Performance, 
i Teacher ratings of below average per-
r formance in english, mathematics, 
general knowledge, as well as for 
n overall achievement (reported in Table 
Ltl  4), showed highly significant differ-
40.14 63.46 45.62 
.001 <.001 <.001 
Percentage optimal responses for 
function examined in the preschool 
major areas of sensory-motor-
Group 
Random 
Sample 
1 
2 
3 
4 
Proprioception 
80 
92 
31 
15 
18 
Tone 
87 
95 
47 
38 
41 
Optical 
head 
righting 
94 
99 
69 
56 
23 
Vestibular 
head 
righting 
79 
91 
29 
44 
5 
Post-rotatory 
nystagmus 
89 
97 
56 
41 
30 
p 
69.05 
<.001 
47.81 
<.001 
84.16 
< 001 
52.25 
<.001 
61.54 
<.001 
103.96 
<.001 
83.78 
<.001 
102.07 
<.001 
104,11 
<.001 
89.71 
<.001 
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Table 4: 
Percentage below average performance on teacher rating in Grade 1 
General General 
Group Performance English Mathematics Knowledge 
Random 
Sample 
1 
2 
3 
4 
a Xl 8 P 
h Xl b P 
c X> 
P 
14 
10 
33 
73 
36 
40.83 
<.001 
49.8 
<.001 
10.73 
<.01 
13 
10 
24 
68 
36 
38.52 
<.001 
41.6 
<.001 
3.53 
NS 
9 
7 
21 
64 
43 
44.99 
<.001 
48.7 
<.001 
4.90 
<.05 
7 
6 
9 
46 
29 
30.28 
<.001 
30.3 
<.04 
.04 
NS 
ences (p < .001) between the random 
sample and referred children, and 
between all four groups. 
Within the random sample, signifi-
cant differences were found between 
children with (group 2) and without 
V-P dysfunction (group 1) in overall 
performance and maths, but not in 
enghsh or general knowledge. How-
ever, 40 per cent of group 1 were 
rated above average in english com-
pared with 18 per cent of the random 
sample. 
Classroom behaviour. Children with 
V-P dysfunction (groups 2, 3 and 4) 
showed a greater degree of every type 
of undesirable behaviour examined in 
the Grade 1 classroom than children 
without dysfunction (see Table 5). 
Increased clumsiness was also reported 
in the children with V-P dysfunction. 
Highly significant differences were 
found between the random sample 
and the referred groups, and between 
all four groups in all behavioural 
characterist ics. The differences 
between groups 1 and 2, although 
significant for some characteristics, 
were not marked. 
Social Skills. Group 3 were also 
socially disadvantaged at school in 
grade 1, experiencing isolation and 
lack of popularity about five times as 
frequently as the random sample, and 
seven times more than group 1 chil-
dren. Group 4 appeared to have fewer 
social problems than group 3. 
Learning Problems. The referred 
children showed a high proportion of 
poor performance and undesirable 
behaviour in Grade 1. The teachers' 
rating of the prevalence of actual 
learning problems, reported in Table 
6, showed highly significant differ-
ences in the prevalence of learning 
problems in Grade 1 between all 
groups. Almost 70 per cent of the 
children referred by preschool teachers 
Table 5: 
Percentage of behavioural characteristics frequently exhibited by children in Grade 1 as reported by the 
teachers. 
Group 
Random 
Sample 
1 
2 
3 
4 
Distractible 
22 
22 
24 
64 
43 
Frustration 
13 
10 
30 
64 
29 
Daydreams 
22 
19 
39 
55 
29 
Inattentive 
20 
19 
24 
73 
36 
Clumsy 
15 
8 
46 
73 
71 
Restless 
18 
17 
24 
73 
50 
All 
behaviour 
18 
16 
31 
67 
43 
p 
P 
14.39 
<.001 
14.37 
<.01 
31.32 
<.001 
38.66 
C001 
10.57 
C001 
16,67 
<.001 
28.57 
<.001 
29.98 
<.001 
55.23 
<.001 
76.04 
<.001 
32.67 
<.001 
33.34 
<.001 
26.88 
<.001 
29.91 
<.001 
P 
0.00 
NS 
8.24 
<.01 
5.63 
<.02 
0.30 
NS 
26.06 
<.001 
0.50 
NS 
2.88 
NS 
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(group 3) had learning problems in 
Grade 1 compared with 11 per cent of 
the random sample. 
Table 6: 
Grades 1 and 2 Results; Percent-
age learning problems on teacher 
rating 
Group 
Random 
Sample 
1 
2 
3 
4 
Xi 
P 
X! 
P 
X? 
P 
One 
11 
8 
27 
68 
57 
43.02 
<.001 
56,50 
<.001 
8.67 
<.01 
Two 
12 
10 
13 
65 
71 
57.09 
<.001 
57.06 
<.001 
.03 
NS 
Grade 2: 
A similarly high proportion of chil-
dren referred by preschool teachers 
(group 3) had learning problems in 
Grade 2, but the children in group 4 
had increasing problems, both in 
achievement (Tables 6 and 7) and in 
behaviour (Table 8). In contrast, the 
children in Group 2 improved. 
By Grade 2 there were also highly 
significant differences between all of 
the groups m the number of children 
who had repeated a grade (X22 = 24.48, 
p < .001; X3 = 26.9, p < .001; Xj = 
4.02, p < .05). More children with V-
P dysfunction had repeated that chil-
dren from the random sample, 
Performance. Fifty-nine per cent of 
group 3 and 56 per cent of group 4 
were below their class peers in overall 
performance on teacher ratings com-
pared with 17 per cent of the random 
sample. The results of the formal 
assessments of english and mathemat-
ics reported in Table 7, show highly 
significant differences between the 
random sample and referred children, 
and between all four groups. However, 
there were no significant differences 
within the random sample (between 
groups 1 and 2). 
Classroom Behaviour. Undesirable 
classroom behaviour remained at a 
high level in Grade 2 for group 3 
(Table 8). Comparison of behaviour 
in grades 1 and 2 (Tables 4 and 8) 
showed that the children referred by 
guidance and medical officers (group 
4) deteriorated into severe behaviour 
problems in grade 2 while the group 
2 children improved. 
Social Skills. In Grade 2, group 3 
experienced social problems similar to 
the ones they had experienced in Grade 
1. Group 4 deteriorated markedly in 
reported social acceptance, with 30 per 
cent rejected by the class and 47 per 
cent unpopular. 
Discussion 
The results showed highly signifi-
cant differences in academic progress 
and in educationally relevant behav-
ioural characteristics in the first year 
of primary school, between four 
groups which had differed significant-
ly in vestibular, propioceptive and 
related functioning in the preschool. 
Children whose referral from pre-
school teachers was actively sought on 
behavioural characteristics suggestive 
of underlying neurophysiological or 
neuropsychological dysfunction rather 
than on educational criteria (group 3), 
were perceived by teachers as having 
the highest incidence of below average 
performance in school achievement 
(averaged 62 per cent compared with 
11 per cent for the random sample) 
and classroom or social behaviour, 
Although children with the most severe 
deficits in vestibular, proprioceptive 
and related functioning (group 4) also 
had marked educational problems, 
they achieved at a better level than 
group 3 in Grade 1, perhaps because 
the parents and children had received 
considerable help and advice as a 
result of early referral to appropriate 
services. Detailed information on chil-
dren in group 4 could have been 
available to the teachers, which may 
have influenced teacher perceptions. 
Of the randomly sampled children, 
those who dad been assessed as having 
proprioceptive, vestibular and associ-
ated deficits in the preschool (group 
2), showed twice the prevalence of 
educational problems in Grade 1 as 
children without dysfunction (group 
1). 
Formal assessment in Grade 2 also 
indicated significant differences 
between the randomly sampled and 
referred children. Group 3 showed a 
similar proportion of problems to 
those experienced in Grade 1 (about 
60 per cent). Group 4 appeared to 
have increasing difficulties in Grade 
2, both academically and socially. 
Group 2, however, improved. Were 
they simply immature in Grade 1? 
Was the higher incidence of boys (72 
per cent) a factor? How could vesti-
bular, proprioceptive and associated 
dysfunction contribute to learning 
problems? Possibly they both have 
common neuroanatomical, neuro-
chemical or neurophysiological ante-
cedents; changes which alter the child's 
intrinsic learning processes. Or per-
haps characteristics such as restlessness 
influence the teacher's perception of 
the child, or lessen the child's chance 
of profiting from the learning expe-
rience. More than one mechanism is 
probably operating. Further research 
is required, particularly that which can 
help a teacher differentiate between 
environmental and child-related proc-
esses. 
V-P dysfunction can be identified 
very early in the developmental 
sequence, which should improve early 
identification (for example, Eviatar 
and Eviatar 1978). Recognition of 
problems should encourage appropri-
ate intervention. But intervention must 
be cost-effective. At present, contro-
versy surrounds the effectiveness of 
sensory-motor approaches to learning 
and related disorders (Accardo 1980, 
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Sellick and Over 1980). Evaluation of 
complex programmes remains diffi-
cult, but the results of specific inter-
vention procedures concentrating on 
the neuromuscular bases of postural 
reactions, which are being undertaken 
by the Department of Physiotherapy, 
University of Queensland, show prom-
ise, 
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a Xl 
P 
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X2 
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21 
21 
19 
59 
71 
27.26 
<.001 
?7.76 
C.001 
0.02 
NS 
Frustrated 
13 
13 
16 
53 
47 
23.40 
<.001 
23.28 
<.001 
0.05 
NS 
Daydreaming 
23 
22 
32 
59 
47 
11.80 
<.01 
13.05 
<.01 
1.05 
NS 
Inattentive 
18 
19 
16 
47 
59 
18.09 
<.001 
17.71 
<.001 
0.01 
NS 
Clumsy 
7 
5 
19 
71 
77 
82.50 
<.001 
84.54 
<.001 
5.76 
<.02 
Restless 
19 
20 
19 
53 
59 
19.36 
<.001 
18.54 
<.001 
0.03 
NS 
All 
behaviour 
17 
16 
20 
57 
60 
20.66 
<.001 
21.62 
<.001 
0.01 
NS 
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